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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To improve contact between a base and a 
base loading-out electrode, and reduce base 
resistance. 

CONSTITUTION: A collector layer 31 of a first 
conductivity type is formed on a buried layer 2 of a 
first conductivity type formed on a semiconductor 
substrate 1. A base layer 5 of a second conductivity 
type is formed on the layer 31. A semiconductor layer 
9 of a second conductivity type is formed on the layer 
5. An aperture 12 is formed in the layer 9. An emitter ^ 
layer 16 of a first conductivity type is formed on the 
surface part of the layer 5 facing the aperture 12. 
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[0011] 

[Embodiments] Hereinbelow, a semiconductor according to the 

present invention and a fabrication method thereof will be described 
with reference to Figs. 1-22. 
5 [0012] 

First of all, a constitution of an npn-type bipolar transistor will 
be described with reference to Fig. 1. 
[0013] 

An n-type buried layer 2 is formed on a p-type silicon substrate 

10 1, and then an n-type collector epitaxial layer 31, which is device 
isolated by an oxide film insulator 4, is formed on the n-type buried 
layer 2. On the n-type collector epitaxial layer 31 is formed a p-type 
silicon crystalline layer 5. Furthermore, an oxide film 61 and a nitride 
film 7 1 are sequentially formed on a predetermined portion of the 

15 p-type silicon crystalline layer 5. Then, a polycrystalline silicon 9, an 
oxide film 10, and a nitride film 1 1 are sequentially form on the entire 
surface of the resultant substrate. Furthermore, an emitter opening 
14 is formed through the oxide film 61 and the nitride film 71, while an 
opening 12 having a side wall spacer 13 on a side face thereof is formed 

20 through the polycrystalline silicon 9, the oxide film 10, and the nitride 
film 11. Also, an emitter 16 is formed in a surface portion of the 
p-type silicon crystalline layer 5 facing to the emitter opening 14. A 
polycrystalline silicon layer 15 is buried in the emitter opening 14 and 
the opening 12. A metal electrode 17 is formed on the polycrystalline 

25 silicon layer 15. 
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[0014] 

Hereinbelow, a fabrication method of the npn-type bipolar 
transistor having the above-described constitution will be described 
with reference to Figs. 2-12. 
5 [0015] 

First of all, after forming an n-type buried layer 2 of high 
concentration on a p-type silicon substrate 1 using a conventional 
diffusion technology, an n-type collector epitaxial layer 31 is grown on 
the n-type buried layer 2. Thereafter, the n-type collector epitaxial 
10 layer 3 1 is isolated for insulation by two or more oxide film insulators 4 
so that the layer becomes a region for an emitter and a base of a 
bipolar transistor (Fig, 2). 
[0016] 

Then, the n-type collector epitaxial layer 31 isolated for 
15 insulation is etched by reactive ion etching by a predetermined depth to 
form a groove 32. At this time, there exists a possibility that a defect 
may occur in a surface of the n-type collector epitaxial layer 31 due to 
reactive ion etching. The defected layer may be removed by use of 
isotropic etching that does not cause a defect, or recovered by heat 
20 treatment (Fig. 3). 
[0017] 

Thereafter, a p-type silicon crystalline layer 5 that becomes a 
base is grown on the n-type collector epitaxial layer 3 1 by a selective 
epitaxial technique. At this time, if diborane (B2H6), for example, is 
25 introduced at a predetermined pressure, temperature, and gas flow rate, 
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the p-type silicon crystalline layer can be doped to be of p-type, while 
being epitaxially grown. Furthermore, if mono-germanium (GeH4), for 
example, is added at a predetermined pressure, temperature, and gas 
flow rate, a SiGe layer can formed (Fig. 4). 
5 [0018] 

Then, an oxide film 6 is formed by thinly oxidizing a surface of 
the p-type silicon crystalline layer 5 to form an oxide film 6, followed by 
deposition of a nitride film 7 having a predetermined film thickness 
over the entire surface (Fig. 5). 
10 [0019] 

After depositing an oxide film 8 on the nitride film 7 by CVD, 
this oxide film 8 is patterned using a photolithography technique, 
leaving the oxide film 8 at least on a region where the emitter and the 
base are to be formed. It should be noted that at this time, the width 
15 of the oxide film 8 must be properly determined since the etching time 
of the nitride film 7 and the location of the nitride film 7 left after the 
etching in a later process depend on the width of the oxide film (Fig. 6). 
[0020] 

Thereafter, using the patterned oxide film 8 as a mask, the 
20 nitride film 7 is etched by hot phosphoric acid to form a nitride film 71 
having a predetermined width, followed by elimination of the oxide film 
8. Because the nitride film 71 serves as a protection film for a later 
emitter opening process and because the width of the nitride film 71 is 
determined in a self-aligning manner, an alignment margin, which is 
25 required by photolithography, is not required to form the region where 
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the emitter and the base are to be formed. For this reason, the region 
where the emitter and the base are to be formed can be reduced in size 
correspondingly, thereby reducing base /collector capacity and offering 
the effects of reduced power consumption and large scale integration 
5 (Fig. 7). 
[0021] 

Then, using the nitride film 71 as a mask, the oxide film 6 is 
etched by solution etching using ammonium fluoride (NH4F) , for 
example, leaving the oxide film only under the nitride film 71 to form 

10 an oxide film 61. In this case, because solution etching is employed, 
the etching of the p-type silicon crystalline layer 5 and occurrence of 
defect are prevented. Then, after depositing by CVD a polycrystalline 
silicon layer 9 having a predetermined film thickness, which becomes a 
base drawing electrode, on an entire surface of the resultant substrate, 

15 this polycrystalline silicon layer 9 is doped with p-type impurities, such 
as boron, by ion implantation. At this time, instead of boron ion 
implantation, a polycrystalline silicon already doped with boron may be 
deposited. Thereafter, an oxide film 10 and a nitride film 11, each 
having a predetermined film thickness, are deposited by CVD on the 

20 polycrystalline silicon layer 9. Following this, the polycrystalline 
silicon layer 9 containing the p-type impurity and the p-type silicon 
crystalline layer 5 are brought into contact with each other by thermal 
treatment. In this case, since the p-type silicon crystalline layer 5 is 
located right below the polycrystalline silicon layer 9, it is easy to place 

25 the p-type silicon crystalline layer 5 and the polycrystalline silicon 
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layer 9 into contact with each other. Accordingly, an external base 5 1 
can be downsized because a large area, through which the p-type 
impurities diffuse from the polycrystalline silicon layer 9, is not 
required, thereby reducing base/ collector capacity and offering the 
5 effects of reduced power consumption and large scale integration (Fig. 
8). 

[0022] 

Thereafter, an opening 12 for the formation of an emitter is 
formed through the polycrystalline silicon layer 9, the oxide film 10, 

10 and the nitride film 1 1 on the nitride film 71, using a predetermined 
photolithography method. At this time, the nitride film 71 prevents 
the etching of the p-type silicon crystalline layer 5 and the occurrence 
of defect. That is, the nitride film 7 1 protects the p-type silicon 
crystalline layer 5 from reactive ion etching (Fig. 9). 

15 [0023] 

Then, an oxide film is deposited to a certain thickness, and 
following this, side wall spacers 13 are formed on an inner face of the 
opening 12 by reactive ion etching. 
[0024] 

20 Subsequently, a portion of the nitride film 71 facing the opening 

12 is etched away, and a portion of the oxide film 61 located below the 
etched-away portion is further etched away to form an emitter opening 
14 (Fig. 11). 
[0025] 

25 Then, a polycrystalline silicon layer 15 is buried in the emitter 
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opening 14. After the polycrystalline silicon layer is ion implanted 
with arsenic, the arsenic is made, by heat treatment, to diffuse into a 
surface portion of the p-type silicon crystalline layer 5 to form an 
emitter 16. Here, instead of ion implanting the arsenic, it is possible 

5 to use a polycrystalline silicon pre-doped with arsenic as the 
polycrystalline silicon layer 15. Alternatively, in place of the 
polycrystalline silicon layer 15, a silicon crystalline doped with arsenic 
may be epitaxially grown. Following this, a predetermined metallic 
electrode 17 is formed on the polycrystalline silicon layer 15. A 

10 collector electrode (not shown) is formed on the opposite side of the 
n-type collector epitaxial layer 3 1 with respect to the oxide film 
insulator 4, and connected to the n-type collector epitaxial layer 31 via 
the n-type buried layer 2. Thus, the bipolar transistor is fabricated 
(Fig. 12). 

15 [0026] 

Furthermore, another fabrication method of the bipolar 
transistor will be described with reference to Figs. 13-19. 
[0027] 

First of all, an n* layer 9 1 is formed on an n-type Si substrate 90. 
20 An n-type Si region 92 is grown on the n+ layer by epitaxial growth. 

Following this, the n-type Si region 92 is partially etched away (Fig. 13). 
[0028] 

Thereafter, a BSG film 93 containing a high concentration of 
boron is deposited on an entire surface of the resultant substrate, and 
25 then the BSG film is etched back for flattening, until a surface of the 
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n-type Si region 92 appears, thereby achieving device isolation (Fig. 

14). 

[0029] 

An n-type silicon layer 94 having a thickness of 3000 angstroms, 
5 for example, is deposited on an entire surface of the resultant substrate. 
At this time, a polyciystalline silicon layer 95 grows on the field BSG 
film 93. In this case, mono-crystalline silicon extending from the 
exposed portion of the substrate for growth may be formed in a portion 
of the field BSG film 93 near edges thereof. The polycrystalline silicon 
10 layer 95 on the field BSG film 93 becomes a p* region because boron 
diffuses into the region from the field BSG film 93 due to thermal 
treatment during deposition. If boron does not diffuse sufficiently due 
to low temperature during deposition, boron may be made to diffuse 
from the field BSG film 93 by thermal treatment after the deposition 
15 (Fig. 15). 
[0030] 

In order to form an intrinsic base over an entire surface of the 
resultant substrate, a p-type Si film (or p-type SiGe film) 96 having a 
film thickness of 400 angstroms, for example, is epitaxially grown over 
20 the entire surface. At this time, the p-type Si film on the field BSG 
film 93 becomes a p* region because boron diffuses from the field BSG 
film 93 into the region (Fig. 16). 
[0031] 

Thereafter, an oxide film 97 and a nitride film 98 are layered 
25 sequentially on the p-type Si film 96, and then a p-type polycrystalhne 
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silicon layer 99 is deposited over an entire surface of the resultant 

substrate (Fig. 17). 

[0032] 

Following this, an emitter window 104 is formed through the 
oxide film 97, the nitride film 98, and the p-type polyciystalline silicon 
layer 99 (Fig. 18). 
[0033] 

Subsequently, a SiOz film 100 covers the oxide film 97, the 
nitride film 98, and the p-type polycrystalline silicon layer 99, and then 
an n+-type polysilicon layer 101 that becomes an emitter is formed on 
the emitter window 104 to complete the bipolar transistor fabrication. 
[0034] 

While in the present embodiment, the whole portion of the field 
is the BSC film 93, only an upper portion of the field may be the BSC 
film 93, as shown in Fig. 20. Here, reference numeral 102 denotes a 
Si02 film. Furthermore, as shown in Fig. 21, in place of the BSC film 
93, a p+-type polysilicon layer (or metallic boron) 103 may be formed in 
the upper portion of the field. Still furthermore, as shown in Fig. 22, 
as an alternative method of forming the structure shown in Fig. 14, an 
opening may be formed through the BSC film 93 on the n+ layer 91, 
followed by the formation of n-type Si in the opening by selective 
growth or the like. 
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